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Abstract. Ejections from the Sun can be observed with a higher resolution than in any
other astrophysical object: can we build up on solar results and apply them to astrophys-
ical objects? Aim of this work is to establish whether there is any analogy between solar
ejections and ejections in microquasars and AGNs. Briefly reviewing jets properties from
these objects and from the Sun, we point out some characteristics they share and indicate
research areas where cross-breeeding between astrophysical and solar research is likely to
be productive. Preliminary results of this study suggest, for instance, that there may be an
analogy between blobs created by tearing instability in current sheets (CSs) associated with
solar coronal mass ejections (CMEs) and quasi periodic ejections of plasma associated with
large radio outbursts in microquasars.
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1. Introduction
Radio and X-ray observations of microquasars
show the occurrence of two types of jets with
completely different characteristics. The first
type, referred to as steady jet, is a quasi-steady
slowly moving continuous ejection emerging
from an optically thick (flat or inverted radio
spectrum) radio core region. The second type
of jet, referred to as transient jet, shows up
with an optically thin radio outburst and fea-
tures a sequence of bright regions moving at
superluminal speeds (Fender et al. 2004; Massi
2010). The formation of steady jets is rec-
ognized to be mediated by large-scale open
magnetic fields threading the rapidly rotating
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accretion disks around compact objects (i.e.
jets are accelerated by magneto-centrifugal
forces, Blandford & Payne (1982)). The tran-
sient radio jets, are instead related to shocks
(Marscher & Gear 1985; Tu¨rler 2010). These
shocks seem to be caused by relativistic plasma
travelling in the slowly moving pre-existing
steady jet, established during a previous phase.
In other words the two jets seem to be inter-
related (Fender et al. 2004). How does the
steady-to-transient jet transition occur? A pos-
sible mechanism triggering the switch could
be magnetic reconnection. In analogy with so-
lar flares, magnetic energy is probably built-
up and accumulated over long time scales dur-
ing the steady jet phase and then dissipated
over very short time scales in explosive events
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(Komissarov 2006). Such events occurring in
the central engine, close to the black hole
and accretion disk, can be the source of ejec-
tions/flaring events possibly causing shocks
(Massi 2010). Solar ejections have been ob-
served with a higher resolution than attainable
in any other astrophysical objects. Are there
analogies between ejections in different ob-
jects? In the following we briefly illustrate mi-
croquasar and AGN ejections (Sec. 2) and solar
ejections (Sec. 3) highlighting properties they
may share. Our conclusions are summarized in
the last Section (Sec. 4).
2. Microquasars and AGNs
2.1. Quiet and active coronas in
accretion disks and the Sun
Numerical simulations show that during the
low/hard X-ray state, corresponding to the ra-
dio steady jet, a corona, similar to the solar
corona, is present around the accretion disk.
Starting with a differentially rotating torus
threaded by toroidal magnetic fields, the sim-
ulations show that magnetic flux buoyantly
escapes from the disk and creates loop like
structures similar to the solar coronal loops
(Machida et al. (2000), Yuan et al. (2009) and
references there). As for the solar corona, mag-
netic fields are likely to play a fundamen-
tal role, although, as shown by Zhang et al.
(2000), there is a factor 500 between a) the
magnetic fields of the inner regions of an ac-
cretion disk around a stellar mass black hole
and the active regions of the Sun and, b),
the temperatures of the accretion disk coro-
nae and the solar corona. The accretion disk
corona is likely to be heated from small-scale
reconnection events, in a scenario analogous to
the microflare heated solar corona suggested
by e.g. Parker (1963); Benz & Krucker (1998);
Krucker & Benz (2000). Also, large coronal
loops can emerge at the surface of the differen-
tially rotating accretion disc where, because of
the ensuing shear of the large magnetic struc-
ture, more energetic reconnection phenomena
may be triggered. As far as transient ejec-
tions are concerned, Yuan et al. (2009) built an
MHD model for ejections in Sgr A*, based
on the analogy between astrophysical jets and
coronal mass ejections (CMEs). Yuan et al.
(2009) argue that the passage of these high
speed plasmoids through the steady jet may
indeed form shocks which show up as bright
knots embedded in the steady continuous jet.
2.2. Quasi periodic oscillations (QPOs)
in astrophysical objects
Quasi periodic oscillations of 20 min, ob-
served around the supermassive black hole Sgr
A*, modulating large NIR/X-ray flares lasting
about 100 min, have been ascribed to an active
region (AR) in the inner orbit of the accretion
disk. More precisely, an AR within an accre-
tion disk seen at high inclination, is suppos-
edly located in an orbit with a rotation period
of 20 minutes and is able to survive for 100
minutes (since 5 cycles have been observed),
giving rise to the observed QPOs (Eckart et al.
2006, 2008). Can we compare the total lifetime
of the QPOs in Sgr A* with the durations of the
long lasting solar CMEs?
Similar kind of QPOs, i.e. related to the
inner orbit of the accretion disk, have been
observed also in stellar mass black holes
(Stella & Vietri 1998). In these cases, mil-
liseconds QPOs result because of the smaller
orbit. However, in three X-ray binaries dif-
ferent kind of QPOs have been observed in
radio and X-rays. They are closely related
to large radio outbursts and have quite long
timescales, i.e. minutes/hours. During the de-
cay of a radio outburst a variety of 22−120
min oscillations were observed at radio wave-
lenghts in V404 Cyg (Han & Hjellming 1992).
Radio oscillations of 30−84 min were ob-
served in LS I +61◦303 during the decay of
radio outbusts (Peracaula et al. 1997), whereas
Harrison et al. (2000) observed oscillations of
30 min in X-rays during the onset of a ra-
dio outburst. In GRS 1915+105 Fender et al.
(1999) observed at radio wavelengths similar
long-term QPOs associated with a large opti-
cally thin outburst. Simultaneous QPOs obser-
vations of GRS 1915+105 in X-rays, infrared
and radio wavelengths have been interpreted as
periodic ejections of plasma with subsequent
replenishment of the inner accretion disk. The
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estimated mass of these blobs ejected every
few tens of minutes are on the order of ∼
1019g (see references in Mirabel & Rodrı´guez
(1999)). As to AGNs, QPOs of 55 minutes
have been associated with the flat spectrum ra-
dio quasar 3C 273 (Espaillat et al. 2008) and
QPOs of 60 minutes have been observed in the
narrow-line Seyfert 1 Galaxy RE J1034+396
(Gierlin´ski et al. 2008). Rani et al. (2010) re-
cently found evidence for QPO of 15 min-
utes in the blazar S5 0716+714. These obser-
vations in V404 Cyg, LS I +61◦303 and GRS
1915+105 of 20−120 min oscillations related
to large outbursts and associated to periodic
ejections of plasma, naturally lead us to ques-
tions like: Is there any evidence for periodic
minor solar ejections related to large CMEs?
3. Solar ejections
3.1. Coronal mass ejections (CMEs)
Mass ejections on the Sun have been recog-
nized recently to be far more numerous than
previoulsy predicted and their size and energy
span over several order of magnitudes, from
the mini X-ray polar jets to the spectacular
Coronal Mass Ejections (CMEs): events where
the ejection of mass is unambiguously ob-
served as an enhanced density structure mov-
ing outwards through the solar corona and the
heliosphere. The average mass of a CME is
on the order of 1015 g, and the speed can
reach up to nearly 3000 km s−1 with an av-
erage value of 450 km s−1. The highest ki-
netic energy of CMEs is 1032 − 1033 erg,
with an average of (2 - 3) 1030 erg. The life-
time of CMEs is not well defined, as it de-
pends on the level where they are observed:
often CMEs are associated with well identi-
fiable solar disk phenomena, that last several
hours, while coronal manifestations of CMEs
can be observed for days. Heliospheric CMEs,
called ICMEs (Interplanetary CME), can be
followed over longer times. Depending on the
phase of the solar activity cycle, the frequency
of occurrence of CMEs varies between a few
events/day and a few events/week. As we said,
there is a whole family of ejections, in the
Sun. We may ask whether they originate from
Fig. 1. The CME bubble is connected to the
low-lying loops via an extended current sheet
(Yuan et al. 2009).
the same physical processes or whether they
include different physical processes. Because
CMEs’ mass, kinetic energy (Vourlidas et al.
2002) and width (at least between 20 and 120
degrees, Robbrecht (2009)), follow a power-
law distribution, most likely there is a contin-
uous distribution of mass ejections, from the
largest to micro-events, i.e. CMEs are scale-
invariant events. This result hints to a common
physical origin for CMEs, likely to be iden-
tified with magnetic reconnection and subse-
quent energy release. This raises a question:
Can astrophysical mass ejections be accounted
for by the same mechanism?
3.2. CME-associated current sheets
Models of solar ejections invoke topological
changes of the magnetic field: for large CMEs
the catastrophic loss of equilibrium of a mag-
netic flux rope stretches the preexisting mag-
netic configuration creating a Current Sheet
(CS) (see Fig.1). Here we focus on the CME
flux rope model of Lin & Forbes (2000) that
has been invoked to explain episodic jets in
black hole systems as well (Yuan et al. 2009).
Indeed, CSs, at the model-predicted position,
have been detected via spectroscopic analyses
of solar data. Also, properties of the diffusion
region around the CS (likely the CS itself is
too tiny to be identified) have been derived: 1)
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the high electron temperatures seen at the CS
site slowly decays after the CME passage over
hours/days; b) a high kinetic temperature - on
the order of a few units ×107 K characterizes
the diffusion region, slowly decaying and hint-
ing to the presence of turbulence within the CS;
c) densities in the diffusion region seem to be
up to one order of magnitude higher than
ambient densities (see, e.g. Poletto (2009);
Schettino et al. (2010) and references therein).
Continuing with our attempts to search for fea-
tures shared by astrophysical and solar jets we
may ask: is there any possibility to identify
high temperature/density signatures associated
with outward propagating astrophysical ejec-
tions? Can astrophysical blobs be interpreted
in terms of reconnection? Analysis of the tem-
poral behavior of the CME-associated diffu-
sion regions, in the Sun, allowed us to de-
tect blobs moving outward along the CS struc-
ture. These outflowing features can be inter-
preted in terms of tearing instability within
the CS. Tearing instability promotes the for-
mation of magnetic islands, usually identified
with the above mentioned blobs. Reconnection
is thus unsteady, or bursty (Tanuma & Shibata
2005).
4. Conclusions
This brief analysis of astrophysical and so-
lar jets revealed a number of analogies among
ejections events that differ by order of mag-
nitudes in energy, size, mass. First attempts
to bridge the gap between the Sun and other
objects have focussed on applying a popular
CME model to accretion disk jets. Other so
far unexplored areas include the interpretation
of minute time scale oscillations in terms of
reconnection-related phenomena. Altogether
this research area is still in its infancy, but ap-
pears to deserve more attention than got so far.
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